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It has been reported that fibroblasts, epithelial cells, and leucocytes 
display  great  proliferative  activity  when  cultivated  in  the  peptic 
digestion products of proteins.  1  That statement was based on experi- 
ments with digests of complex substances,  such as embryo pulp, egg 
white, commercial ox fibrin, and Witte's peptone.  In order to ascertain 
conclusively whether  cell  multiplication  was  due  to  the  hydrolytic 
products  of  the proteins  themselves,  or  to  other  substances  in  the 
material  used,  the  experiments  were  repeated  with  proteins  which 
were  purified  before  being  hydrolyzed.  For  this  purpose,  fibrin, 
egg albumin, and edestin were used, because the digestion products of 
commercial  fibrin  have  been  found  to  possess  a  greater  growth- 
promoting effect than any other substance, and because egg albumin 
and edestin may be purified by crystallization. 
Effect of Split Products of Fibrin on Cell Proliferation. 
The fibrin was prepared from both ox and rabbit blood.  The ox blood was 
citrated by drawing it into a 2.5 :per cent sodium citrate solution in 0.9 per cent 
salt solution,  using 100 cc. per liter of blood.  The rabbit blood was taken in 
paraffined tubes and kept in ice to prevent coagulation.  After centrifugation of 
the blood, the upper layers only were drawn off and again centrifuged  in order 
to eliminate all the corpuscles from the plasma.  The fibrin was precipitated by 
half saturation with sodium chloride and washed three times with a half saturated 
salt solution,  three times with 0.9 per cent sodium chloride, and then with large 
volumes of water.  The dry fibrin was digested for 24 hours at 40°C.,  2.5  gm. 
of fibrin being suspended  in 40 cc. of 0.5 per cent pepsin  in N/20  HC1.  Since 
some fibrin remained undigested, a large proportion of the primary split products 
was obtained in this way.  The  solutions  were  neutralized with  N/1  NaOH, 
t Carrel, A., and Baker, L. E., J. Exp. Med., 1926, xliv, 503. 
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T~xToFIG. 1.  Experiment 9162 D.  Comparison of the growth of fibroblasts 
from fresh embryo heart in a digest of purified ox fibrin, with that in embryo 
juice and Tyrode solution. LILLIAN E.  BAKER AND  ALEXIS CARREL  355 
boiled to one-half volume in order to remove the coagulable substances  and expel 
the  toluene  which  was  used  as  a  preservative.  After  determination  of  the 
cryoscopic point, the solution was brought to isotonicity  and a pH of 7.4.  These 
digests  were  tested  at  various  concentrations  on  fibroblasts  from  embryonic 
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Comparison of the growth of fibroblasts 
from fresh embryo heart in a digest of purified rabbit fibrin, with that in embryo 
juice and Tyrode solution. 
heart cultivated in flasks according  to the usual method, the fluid being placed 
on the surface of a coagulum of diluted plasma.  Every 48 hours, the fluid was 
removed,  the  culture  washed  with  Tyrode solution,  and  fresh  fluid  supplied. 
The area of the colony was traced under a projectoscope  and measured  with a 
planimeter. 356  PROTEIN  DIGESTS  ON  CELL  PROLIFERATION 
The digest of purified ox fibrin, and also that of rabbit fibrin, at an 
N concentration of from 0.15 to 0.3, caused a large growth of fibroblasts 
from embryonic heart, as large or larger than that which occurred in 
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TExT-FIo. 3.  Experiment 9225 D.  Comparison of the growth of fibroblasts 
from fresh embryo heart in a digest of ox fibrin from filtered plasma, with that 
in embryo juice and Tyrode solution.  The  concentration of nitrogen in  this 
digest was much less than in the previous ones. 
embryo juice  (Text-figs.  1,  2;  Table  I).  The  results  were  entirely 
comparable  with  those  obtained  when  commercial fibrin  was  used. 
It is  evident,  therefore,  that  the  substances  which  cause  this  rapid LILLIAN  E.  BAKER  AND  ALEXIS  CARREL  357 
proliferation of cells are the hydrolytic products of fibrin and not the 
impurities  contained  in  commercial  fibrin  such  as blood corpuscles. 
One sample of ox plasma was filtered through a Berkefeld filter.  As 
the  filter  soon became  clogged,  only  a  small  amount  of fibrin  was 
obtained.  The quantity was so small that only a dilute solution of the 
digest could be used in the culture medium at a nitrogen concentration 
of 0.04 per cent.  Nevertheless, a  considerable growth of fibroblasts 
occurred (Text-fig. 3). 
E~ect  o.f Crystalline  Egg Albumin  Digests  on Cell  Proliferation. 
The egg albumin was purified by three crystallizations with ammonium sulfate. 
To remove the ammonium sulfate which previous experience had shown to be 
toxic even after long dialysis of the albumin, two methods were used.  In the 
first, the crystals were washed three times for 24 hours with a solution of satu- 
rated sodium chloride containing  1 per cent  acetic acid.  This  denatured  part 
of the albumin.  The second method consisted of recrystallization  three  times 
with a mixture of sodium and potassium sulfates, making a total of six crystalliza- 
tions.  The albumin was finally dialyzed in very permeable collodion bags for 7 
days in running tap water and 3 days in distilled water. 
Several digests were made of this albumin,  the quantity of pepsin, 
the  time  of digestion,  and  the  concentration  of the  solution  being 
varied.  Some  crystalline  albumin  was  coagulated  by  heat  before 
digestion and the process interrupted as soon as the albumin was trans- 
formed into  soluble material.  A  large  proportion  of primary  split 
products was thus  secured.  The  methods  of  preparing  the  digests 
are summarized in Table II.  In all cases, the solutions were boiled 
and prepared in the same manner as the fibrin digests.  These digests 
proved toxic at nitrogen  concentrations as high as those used for the 
fibrin  digests  and  therefore were diluted with Tyrode solution  to  a 
nitrogen concentration of 0.i7 to 0.07 per cent before being used as a 
culture medium.  They were tested in the manner outlined above on 
fibroblasts  growing  from  embryonic  heart.  The  increased  area  of 
growth of fibroblasts from fresh heart in the albumin digests over that 
of control tissues in Tyrode solution varied from 75 to 400 per cent, 
according  to  the digest used  (Table III).  Some of the best results 
were obtained with digests prepared  from heat  denatured  albumin. 
In  order to  ascertain  whether  this  previous denaturation  influenced 358  PROTEII~  DIGESTS  ON  CELL PROLIFERATION 
the nutritive value of the digests, two preparations were made (x-512 
and x-513) from the same solution, under identical conditions except 
that one (x-512) was first denatured by heating in N/100 HC1 solution 
for 15 minutes at 60°C.  No differences were found in their nutritive 
effect. 
The digests of crystalline  albumin did not,  however, promote as 
large or rapid a  growth of fibroblasts as is caused by the digests of 
fibrin or by embryo juice.  The area of growth was about equal to, 
but not as dense as that in embryo juice diluted to 50 per cent of its 
usual concentration (Table IV).  Moreover, the cells of the controls 
in the diluted embryo juice remained in normal condition, while those 
in  the  digests  finally  degenerated,  an  evidence that  although  the 
albumin split products cause growth,  they are incomplete from the 
nutritive standpoint. 
The deficiency of the  egg albumin digests was still more evident 
when a 15 year old strain of chicken fibroblasts was used in the experi- 
ments.  The growth in the albumin digests was very much smaller 
than that of the controls in  embryo juice, and only slightly greater 
than that of the controls in Tyrode solution.  In all cases, the growth 
ceased  after  a  few days,  the  cells  became filled with fat,  and  the 
plasma clot usually liquefied immediately around the tissue, making 
it impossible to  secure accurate  quantitative data.  It is  probable 
that the larger growth of the fibroblasts from embryonic heart is due 
to the presence in the fresh tissue of some substances which are needed 
to supplement the nutritive action of the digestion products of crys- 
talline egg albumin. 
Effects on Cell Proliferation of Digests of Crystalline Egg Albumin and 
Casein Supplemented by Glycocoll and Nucleic Acid. 
It seemed probable that the great differences in the nutritive value 
of the digests of fibrin and of crystalline egg albumin might be due to 
the difference in their amino acid content.  Since crystalline albumin 
contains no glycocoll, the addition of sufficient glycocoll  2 solution to 
bring its concentration up to that of the fibrin digests was tried, and 
2 The glycocoU solution contained 50 nag. of crystalline glycocoU in 100 ec. of 
Tyrode solution.  It was sterilized by filtration through a Berkefeld filter. LILLIAN E. BAKER  AND ALEXIS CARREL  359 
also the addition of a  digest of gelatin,  s a  protein particularly rich in 
glycocoll.  For  these  experiments,  a  pure  strain  of  sarcomatous 
fibroblasts of the rat was used, since it  was the only pure strain of 
fibroblasts immediately available which did not cause liquefaction of 
the coagulated plasma.  These cells grew very slightly in the digest 
of crystalline albumin, in fact, hardly any more than when cultivated 
in Tyrode solution.  The addition of glycocoll increased the rate of 
growth about 70 per cent (Text-fig. 4, Table V), and the gelatin digest 
about 61  per  cent.  Similar results were  obtained  when the  experi- 
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TExT-Fro. 4.  Experiment 6140 C.  Effect of the addition of glycocoil to a 
digest of crystalline egg albumin on the rate of growth of sarcomatous flbro- 
blasts of the rat. 
ments were  repeated  with digests of  casein  4 which contains only an 
exceedingly small quantity of glycocoll (Table  VI), showing beyond 
doubt that glycocoll is an essential component of the culture medium, 
3  The gelatin digest was prepared by incubating 5 gin. of gelatin with 1 gin. of 
pepsin in 200 cc. of N/20 HC1 at 37~C. for 24 hours.  It was neutralized, boiled, 
and adjusted for cultures as usual.  It contained 0.45 per cent of nitrogen and 
0.048 per cent of amino nitrogen.  Before use on the cultures, it was diluted to 
0.25 per cent of nitrogen. 
4 The casein digest was prepared  by incubating 10 gm. of casein at 37°C. for 
24 hours,  with 0.5 per cent of pepsin  in 200 cc. of N/20 HC1.  This was also 
neutralized, boiled, made isotonic, etc.  It was diluted to 0.4 per cent of nitrogen 
before being used on the cultures.  Its ratio of total to amino nitrogen was 7.2, 
and 67 per cent of its nitrogen was in the form of proteose. 360  PROTEIN  DIGESTS  ON  CELL PROLIFERATION 
either as such,  or in peptide form, and that one of the reasons for the 
different  nutritive  actions  of  protein  digests  lies  in  their  varying 
amino acid content. 
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T~xT-Fm. 5.  Experiment 6162 C.  Effect of the addition of nucleic  acid to 
a  mixture of glycocoll  and  a  digest  of crystalline egg albumin  on  the  rate of 
growth of sarcomatous fibroblasts of the rat.  The tissue having the nucleic  acid 
in its medium grew uniformly through two passages, while the control in glycocoll 
and albumin digest died at the end of the 1st passage. 
However, even after the addition of glycocoll, the growth was small 
and  the  tissues survived only a  few days longer than in Tyrode solu- 
tion.  Then,  thymus nucleic  acid  ~ was added  to  the  medium.  This 
5 The thymus nucleic acid solution contained 0.1 gm. of nucleic acid in 100 cc. 
of Ringer's solution.  •/1  NaOH was added to dissolve it and bring the pH to 
7.4.  It was sterilized by fdtration through a Berkefeld filter. I00 
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T~xT-FIo.  6.  Experiment  9454  D.  Effect of  the  addition  of nucleic  acid 
to a mixture Of glycocoU and a  digest of casein, on the rate of growth of sarco- 
matous fibroblasts of the rat. 
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chicken fibroblasts in a  mixture of glycocoU, casein digest, and nucleic acid. 
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greatly improved its nutritive value (Text-fig. 5).  An additional in- 
crease of approximately 97 per cent in the area of growth was obtained 
when nucleic acid was added to a mixture of crystalline egg albumin 
digest and glycocoll (Table VII), and an additional increase of approxi- 
mately 193 per cent when it was added to a mixture of glycocoll and 
casein digest  (Table  VIII).  In  fact, the strain of malignant fibro- 
blasts grows at a  rapid rate in the very simple mixture of just three 
substances:  digest  of  casein  or  crystalline  egg  albumin,  glycocoll, 
and thymus nucleic acid dissolved in Tyrode solution.  Growth in a 
mixture of the three substances was better than in any two of them 
(Tables IX  and X).  Not  only did the presence of nucleic acid in- 
crease the rate of growth, but it also greatly lengthened the time of 
survival  of  the  tissues.  In  the  digest  of  crystalline  egg  albumin, 
glycocoll, and  nucleic acid,  colonies of the  sarcomatous fibroblasts 
have  grown  actively  for  more  than  20  days.  In  the  mixture  of 
glycocoll, nucleic acid,  and  casein digest,  some of the cultures were 
still active after more than a month.  The colonies have been divided 
several times, showing that a considerable increase in the mass of the 
tissues has occurred.  Still more encouraging is the fact that the cells 
remained in normal condition throughout the experiment, although 
the rate of growth was much less than that of colonies cultivated in 
embryo  juice.  Many  other  substances  have  been  added  to  this 
simple medium, such as iron, vitamines, salts, cystine, cholesterol, etc., 
but as yet no conclusive evidence of their nutritive value has been 
obtained. 
Effect of Vegetable Protein Digests on Cell ~fultiplicatiot~. 
Since  both  crystalline  egg  albumin and  casein,  which have  been 
used  in  the  synthetic media, are deficient in  glycocoll experiments 
were undertaken with digests  of  edestin  which is  rich  in  glycocoll 
and  can  also  be  crystallized.  Crystalline  edestin  obtained  from 
Hoffman-La Roche was used.  Digests of this protein  6 were found to 
promote the proliferation of rat sarcomatous fibroblasts much more 
actively than either those of casein or crystalline egg albumin.  It is 
6 The edesfin digest was prepared by digesting 2.5 gin. of crystalline edestJn 
in 100 cc. of 0.5 per cent pepsin in N/20 HC1 for 20 hours.  It was also neutralized, 
boiled, and made isotonic. LILLIAN  E.  BAKER  AND  ALEXIS  CARREL  363 
TABLE  I. 
Comparison  of the Rate of Growth of Fibroblasts from Embryo  Heart  in Embryo 
Juice and in a Digest of Purified  Fibrin. 
Experiment No. 
6068 C 1-2 
6017 C 1-3 
3606 A 1 
3606 A 2 
3606 A 3 
3606 A 4 
9162 D  1 
9162 D 2 
Prepara- 
tion No. 
x-525 
x-525 
x-468 
x-468 
x-468 
x-468 
x-467 
x-467 
Nitrogen 
concentra- 
tion 
~or 6e~t 
0.208 
0.208 
0.30 
0.15 
0.30 
0.15 
0.15 
0.30 
Time of 
growth 
days 
8 
7 
7 
7 
7 
7 
10 
10 
Area~ of 
growth in 
embryo 
Julee. 
Control 
87 
72 
200 
200 
200 
200 
370 
370 
Area  7 of 
growth in 
fibrin 
digest. 
Experiment 
83 
126 
356 
240 
194 
170 
460 
480 
Ratio: 
area of 
experi- 
ment to 
area of 
control 
0.95 
1.75 
1.78 
1.20 
0.97 
0.85 
1.24 
1.30 
Average  ......  1.26 
TABLE  II. 
Methods of Preparing A lbumin Digests. 
Remarks 
Ox  fibrin 
Rabbit  " 
OX  ~c 
Prepa- 
ration 
No. 
~-360 
K-383 
~-502 
~-503 
z-504 
g-512 
x-513 
x-534  s 
Kind of albumin 
CrystaUized3 times. 
Washed,  1  per 
cent  acetic  in 
saturated NaCl. 
Preliminary treatment 
Coagulated by heat 
¢¢  ¢c 
¢¢  ¢¢ 
Crystallized  6 
times,  3  from 
Na2SO4  and 
3 from K~804 
Acid denatured 
Denatured by heat 
Not denatured 
Coagulated by heat 
Vob 
ume of 
solu- 
tion 
used 
cc. 
200 
60 
50 
72 
72 
80 
80 
200 
Pepsin 
per cent 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.25 
Concen- 
tration 
of HCI 
~/20 
~/30 
N/20 
N/20 
~/20 
N/2o 
~/20 
~/20 
Time 
of 
diges- 
tion 
hrs. 
5 
4 
5 
10 
5 
15 
15 
7 
Ratio: 
tota.l  to 
amlno 
nitro- 
gen 
4.7 
7.1 
8.2 
6.5 
7.1 
6.5 
6.4 
6.7 
r This is the area in square centimeters of the projected image of the colony 
of cells, and is 62 times the size of the colony. 
s 72 per cent of the nitrogen of this preparation was precipitated by saturated 
sodium sulfate at 37°C.  Therefore, it consisted largely of proteose. TABLE  III. 
Effect of Digesls of Crystalline Egg Albumin on the Rate of Growth of Fibroblasts 
from Embryonic Heart.  Tyrode  Solution  Used as Control. 
Area~ of 
growth in  Experiment ~  Prepara-  Ratio:  Nitrogen  Time of  T~rode 
No.  tion No.  total N  to  concentra-  growth 
amino N  tion  solution. 
Control 
I'  days 
8816 D  x-360  4.7  0.085  7  50 
3922 C  x-360  4.7  0.085  8  90 
3922 C  x-360  4.7  0.170  9  110 
3353 A  x-360  4.7  0.085  8  110 
3353 A  x-360  4.7  0.170  8  110 
396I C  x-360  4.7  0.170  10  70 
3968 C  x-360  4.7  0.170  4  38 
8818 D  x-360  4.7  0.170  5  49 
3347 A  x-360  4.7  0.170  5  48 
3991 C  x-383  7.1  0.120  7  55 
9240 D  x-502  8.2  0.070  6  50 
9240 D  x-503  6.5  0.070  6  50 
9240 D  x-504  7.1  0.070  6  50 
4855 C  x-513  6.4  0.120  9  10 
4855 C  x-512  6.5  0.120  9  10 
4909 C  x-512  6.5  0.120  7  15 
4909 C  x-513  6.4  0.120  7  15 
4828 C  x-512  6.5  0.120  9  10 
4828 C  x-513  6.4  0.120  9  10 
Area  r of  Ratio: 
growth in  increased 
albumin  area of 
digest,  experiment 
Experiment  to control 
210  4.2 
170  1.9 
353  3.2 
170  1.5 
270  2.5 
140  2.0 
68  1.8 
95  1.9 
98  2.0 
268  4.9 
88  1.8 
95  1.9 
95  1.9 
47  4.7 
70  7.0 
61  4.0 
60  4.0 
46  4.6 
38  3.8 
Average  ............................................................  3.1 
TABLE  IV. 
Comparison of the E~rect of Digests of Crystalline Egg Albumin and  of Embryo 
Extract Diluted 50 Per Cent on the Rate of Growth of Fibroblasts from Fresh 
Embryo Heart. 
t855 C 
1828 C 
[909 C 
1854 C 
1855 C 
[828 C 
t909 C 
1.854 C 
!  p~r ce~  day r 
x-512  0.12  9 
x-512  0.12  9 
x-512  0.12  7 
x-512  0.12  10 
x-513  0.12  9 
x-513  0.12  9 
x-513  0.12  7 
x-513  0.12  10 
57 
45 
52 
28 
57 
45 
52 
28 
Average.. 
o°  ~  ~'=-  ~  o 
70  1.23 
46  1.02 
61  1.17 
32  1.14 
47  0.82 
38  0.84 
60  1.15 
29  1.03 
1.05 
Remarks 
Thin growth in experiments 
~c  c~  ~c  ~c 
cc  ~  c~  cc 
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TABLE V. 
Effect of tke Addition of Glycocoll to a Digest of Crystalline Egg Albumin  s on the 
Rdte of Growtk of Sarcomatous Fibroblasts of the Rat. 
Ratio: area 
~t~n.  ent  Preparation  Nitrogen  Time of  AreaT  Area7  of 
No.  concentration  growth  o! growth,  of growth,  experiment 
•  Control*  Experlmentae  to area 
of control 
6171 C 
6172 C 
6142 C 
6140 C 
6092C 
x-534 
x-534 
x-534 
x-534 
x-534 
cent 
0.13 
0.13 
O. 13 
O. 13 
O. 13 
days 
9 
9 
9 
9 
7 
84 
42 
27 
24 
18 
103 
61 
36 
53 
47 
Average  ........................................................... 
1.23 
1.45 
1.33 
2.20 
2.61 
1.76 
TABLE  VI. 
Effect of tke A ddition of Gdatin Digest to Casein Digest on tke Gr  owtk of Sarcomatous 
Fibroblasts of tke Rat. 
Experiment 
No. 
455 H 
476 H 
480H 
481 H 
Preparation 
No. 
x-542 
x-545 
x-542 
x-545 
x-542 
x-545 
Nitrogen 
concentration 
p~ cent 
0.323 
0.323 
0.323 
0.323 
Time of 
growth 
d~y$ 
4 
Area  T 
of growth. 
Control- 
16 
31 
18 
17 
Area7 
of growth. 
Experiment// 
35 
44 
28 
22 
Ratio: area 
of 
experiment 
to area of 
control 
2.18 
1.42 
1.56 
1.29 
Average  ...........................................................  1.61 
9 The control medium consisted of 1 cc. of albumin digest and 2 cc. of Tyrode 
solution. 
o The experimental medium consisted of 1 cc. of albumin digest, 1 cc. of Tyrode 
solution, and  1 cc. of glycocoU solution. 
u The control medium consisted of 1 cc. of casein digest and  1 cc. of Tyrode 
solution. 
~2 The experimental medium consisted of 1 cc.  of casein digest and  1 cc.  of 
gelatin  digest. TABLE  VII. 
Effect of the Addition  of Nucleic  Acid  to  a  MixMre  of Crystalline  Egg  Albumin 
Digest s  and  Glyco¢oll  on  the  Rate  of Growth  of Sarcomatous  Fibroblasts  of 
the Rat. 
Experiment 
No. 
6162 C 
6162  C 
6163 C 
Prepara- 
tion No. 
x-534 
x-551 
x-554 
x-534 
x-551 
x-554 
x-534 
x-551 
x-554 
Nitrogen 
concen- 
tration 
per cent 
0.1 
0.1 
0.I 
Time of 
growth 
days 
Area  7  Area7 
of growth,  of growth. 
Controlta  Experi- 
mentl4 
58 
No growth 
53 
108 
104 
110 
Average  ................................................. 
Ratio: 
area of 
experi- 
ment tc 
area 
of contr( 
1.87 
2.07 
1.97 
Remarks 
1st passage 
2nd  " 
TABLE  VIII. 
Effect o/the Addition  of Nucleic Acid to a Mixture of Casein Digest and Glycocoll 
on the Rate of Growth of Sarcomatous Fibroblasts of the Rat. 
Experiment 
No. 
9488D 
9492D 
9441  D 
9454 D 
Preparation 
No. 
x-539 
x-551 
x-554 
x-539 
x-551 
x-554 
x-539 
x-551 
x-554 
(x-539 
l 
x-551 
x-554 
Nitrogen 
concentration 
percent 
0.14 
0.14 
0.14 
0.14 
Time of 
growth 
days 
8 
Area~ 
of growth. 
Control is 
14 
15 
40 
10 
Arear 
of growth. 
Experiment la 
31 
48 
37 
54 
Ratio: area 
of 
experiment 
to area of 
control 
2.22 
3.20 
0.92 
5.40 
Average  ..........................................................  2.93 
ts The control medium consisted of  1  cc.  of albumin digest,  1  cc.  of glycocoll 
solution, and 1 cc. of Tyrode solution. 
14 The  experimental  medium  consisted  of  1  co.  of  albumin  digest,  1  cc.  of 
glycocoll solution, and 1  cc.  of nucleic acid solution. 
t5 The  control medium  consisted  of  1  cc.  of  casein  digest,  1  cc.  of  glycocoll 
solution, and 1 cc. of Tyrode solution. 
x6 The experimental medium consisted of 1 cc. of casein digest, 1 cc. of glycocoll 
solution, and 1 cc.  of nucleic acid solution. 
366 TABLE  IX. 
Effect of the Addition  of Casein Digest to a Mixture of Nucleic Acid and Glycocoll 
on the Rate c f Growth of Sarcomatous Fibrobla~ls  of the Rat. 
Expetiment  Preparation 
No.  No. 
rx-539 
6196 C  ~x-551 
(x-554 
~x-539 
6219 C  ~x-551 
(x-554 
Nitrogen 
concentration 
#er cent 
0.14 
0.14 
Time of 
growth 
days 
Area7 
of growth. 
ControP? 
34 
46 
Area  7 
of growth. 
Experimcntm 
74 
78 
Ratio: area 
of 
experimen t 
to area of 
control 
2.18 
1.70 
Average  ...........................................................  1.94 
TABLE  X. 
Effect of the Addition  of Glycocoll  to a Mixture of Caseit~ Digest and Nucleic Acid 
on the Rate of Growth of Sarcomatous Fibroblasts of the Rat. 
Ratio:  area 
Experiment  Preparation  Nitrogen  Time of  Area7  AreaT  of  of growth,  of growth,  experiment 
No.  No.  concentration  growth  Control19  Expetiment~0  to area of 
control 
9463 D 
9472 D 
9443 D 
x-539 
x-551 
x-554 
x-539 
x-551 
x-554 
x-539 
x-551 
x-554 
0.14 
0.14 
0.14 
days 
9  29 
28 
41 
44 
39 
73 
1.52 
1.39 
1.78 
Average  ........................................................  1.56 
z7 The control medium consisted of 1 cc. of nucleic acid solution, 1 cc. of glyco- 
coll solution, and 1 cc. of Tyrode solution. 
xs The experimental medium consisted of 1 cc. of nucleic acid  solution,  1  cc. 
of glycocoll solution, and 1 cc. of casein digest. 
19The control medium consisted of 1 cc. of casein digest,  1 cc.  of nucleic acid 
solution, and 1 cc.  of Tyrode solution. 
2o The experimental medium consisted of 1 cc. of  casein digest, 1 cc. of nucleic 
acid solution, and 1 cc. of glycocoll solution. 
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TABLE  Xl. 
Effect of a Mixture of Protein Digest, Glycocoll, and Nucleic Acid on tke Growth of 
Normal Fibroblasts.  Tyrode Sdlu44on Used as Control. 
! x-539 
3847 A  ~  x-551 
[  x-554 
[  x-534 
3830 A  ~  x-551 
[  x-554 
(x-551  [ 
3917 A  ~  x-608 
1x-653  ! 
[ x-539 
3881 A  '~ x-551  ! 
[x-554 
fx-539 
9504D  ~x-551 
lx-554 
(x-551 
144 G  ~x-554 
~x-562 
[ x-539 
6298 C  ~  x-551 
[x-554 
fx-539 
6298 C  t x-551 
(x-554 
E.o~ 
per venl 
).14 
3.10 
~).06 
D. 14 
0.14 
0.14 
0.14 
0.14 
~ys 
5 
6 
7 
5 
.0 
6 
66 5  95. 
28  56 
4O  98 
28  42 
64  280 
14  42 
70  135 
105  205 
o o 
1.43 
2.00 
2,45 
1.50 
4.38! 
3.00 
1.93 
1.95 
Remarks 
Pure  strain  of  chicken  fibre- 
blasts; casein digest 
Pure  strain  of  chicken  fibre- 
blasts; crystalline egg  albu- 
min digest 
Pure  strain of rat  fibroblasts; 
crystalline  egg  albumin 
digest 
Pure  strain  of  chicken  fibre- 
blasts; casein digest 
Pure  strain  of  chicken  fibre- 
blasts; casein digest 
Pure  strain  of  chicken  fibro- 
blasts; casein digest 
Fibroblasts from  chicken  em- 
bryo heart; casein digest 
Fibroblasts from  chicken em- 
bryo heart; casein digest 
Average  ..................................  2.33 LILLIAN E. BAKER  AND  ALEXIS CARREL  369 
interesting to note that the digestion products of a vegetable protein, 
as well as those of animal origin, can  be used by these cells.  This 
was also found to be true of the gluten of wheat.  In addition, normal 
chicken fibroblasts also proliferate in digests of both of these proteins. 
Effects of A rtifidal Media on Normal Tissues. 
Although the effect of adding glycocoll and nucleic acid to digests 
of proteins was tested on a strain of sarcomatous fibroblasts of the rat, 
it was also demonstrated that a pure strain of normal chicken fibro- 
blasts will grow for a  limited period in a  mixture of protein digest, 
nudeic acid, and glycocoU.  Text-fig. 7 gives the curve of growth for 
a strain of normal fibroblasts in casein digest, nucleic acid, and gly- 
cocoll.  Similar results have been obtained with crystalline egg albu- 
min digest, glycocoll, and nucleic acid.  Although the rate of growth 
of normal fibroblasts is much larger in this artificial medium than in 
Tyrode solution (Table XI), the ceils accumulate dark granulations 
in their cytoplasm, and die after 8 or 10 days.  Liquefaction of the 
plasma clot often occurs.  These cells seem to be more sensitive to the 
deficiencies of the artificial media than do the sarcomatous fibroblasts 
of the rat. 
CONCLUSIONS. 
I. The pepsin hydrolytic  products of  the  pure  proteins,  crystalline 
egg albumlu, crystalline  edestin,  and purified  fibrin,  are utilized  by 
fibroblasts  for their  proliferation.  It appears, therefore,  that the 
growth of fibroblasts  in  fibrin  digests  and in the proteose  of Witte's 
peptone is  due to the split  products of the protein  itself  and not to 
accompanying cellular  constituents  or  other  impurities. Preliminary 
denaturation  of  the  protein,  as  carried  out  in  these  experiments,  does 
not alter  the nutritive  properties  of the digest. 
2. The  digests  of  the  pure  proteins  employed are  defident  in  certain 
substances and do not meet the entire  nutritive  requirement of the 
cells  for  an unlimited  period  of  time.  Some supplementary nutritive: 
substances are present  in fresh  embryonic heart tissue. This cir- 
cumstance explains  the growth of fibroblasts  from fresh  embryonic 
heart  in  digests  which do not  promote the growth of  a pure  strain  of 
fibroblasts. 370  PROTEIN  DIGESTS  ON  CELL PROLIFERATION 
3.  Glycocoll and nucleic acid have been found to supplement the 
nutritive action of pure protein digests for sarcomatous fibroblasts, 
and to increase greatly the length of life of the tissues. 
4.  Vegetable proteins, as well as animal proteins, yield proteolytic 
products which promote the multiplication of fibroblasts. 